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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines the general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 10-5 to transmit a 32 bytes packet within 1 ms.
In NR, scheduling based transmission is supported in both DL and UL. With dynamic scheduling, the network can assign the resources to the UE using up-to-date channel state information in a very flexible manner according to the amount of data in the buffer and hence optimize the resource usage. The following agreement has been made in previous RAN1 NR Ad hoc meeting:
Agreements: (RAN1 NR Ad-Hoc#1)
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS Y, Y<1% 
· FFS highest aggregation levels, e.g., 16,32
· FFS other enhancements 

As the outcome from RAN plenary #78, the scope of URLLC related work in RAN1 and RAN2 was updated according to the agreed document [2]. One item related to control channel design is as following:
· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data

From RAN1#92 [3], it was agreed that further study is needed in order to make decision on whether compact DCI should be specified in NR or not. In this contribution we simulated the link level performance for compact DCI based on the agreed RAN1 simulation assumptions. In our companion contribution [4], various ways to increase the control channel reliability are discussed.

	Discussion
As discussed in [4], there are different ways to increase the reliability of control channels, for example allocating more time/frequency resource for control channel transmission. Among the different schemes for further improving the control channel reliability, compact DCI is one of the potential solutions as well. In this section, first the potential benefit resulting from compact DCI is studied and then we discuss about the possible impact due to compact DCI.


2.1 Compact DCI: Performance Benefits 
Based on the discussion outcome from the RAN1#92 meeting, we have run various link level simulations to evaluate the potential performance gains from compact DCI design. In our simulation we have taken the agreed simulation parameters and the main objective is to compare the performance of normal DCI (40 bits) and compact DCI (30bits) with 2-symbol length CORESET. More detailed simulation parameters can be found in Appendix.







[image: C:\Users\zexli\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HAJHJ2OT\Zexian_kuva1.1 (002).png]
[image: ]

(a) TDL-A 30ns                                             (b) TDL-C 300ns
[bookmark: _Ref510527085]Figure 2‑1 Performance evaluation of DCI with different sizes at 4GHz
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(a) TDL-A 30ns                                              (b) TDL-C 300ns
[bookmark: _Ref510527087]Figure 2‑2 Performance evaluation of DCI with different sizes at 700MHz

The performance gain from the 30-bit compact DCI is summarized in Table 1. We compare the SINR at BLER=10-4 as the curves appear to have better statistical convergence at this level. We do not expect much difference at BLER=10-5 because the curves have similar slope. Generally speaking, less performance gain is observed for higher AL.

Table 1 SINR gain with 30-bit DCI vs 40-bit DCI at BLER of 1e-4
	SINR gain (dB)
	4GHz, 4Rx
	700MHz, 2Rx

	
	TDL-A 30ns
	TDL-C 300ns
	TDL-A 30ns
	TDL-C 300ns

	AL 8
	~0.4
	~0.8
	~0.4
	~0.8

	AL 16
	~0.3
	~0.3
	~0.3
	~0.4



Observation 1: With the agreed RAN1 link level simulation assumptions, 0.4~0.8 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 8 at BLER=10-4.
Observation 2: With the agreed RAN1 link level simulation assumptions, 0.3~0.4 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 16 at BLER=10-4.
2.2 DL geometry
We also agreed to use the 5th percentile of DL geometry as the metric for a cell-edge UE. Following IMT-2020 evaluation methodology, the 5th percentile DL geometry is summarized in Table 2.
Table 2 Summary of the 5th percentile DL geometry
	
	700 MHz
	4 GHz

	UMa Channel A
	-2.5
	-2.9

	UMa Channel B
	-3.1
	-3.0



[bookmark: _GoBack]From the PDCCH link level performance curves in Section 2.1, we see that 10-5 BLER target can be achieved at the 5th percentile geometry with AL=16 for all cases except for 700MHz with TDL-A 30ns (where there is about 0.5 dB shortage). So it appears that some enhancement is needed. However, this does not necessarily mean that compact DCI is the solution. At this SINR range, PDCCH is not necessarily the bottleneck and PDSCH repetition may be needed already to achieve the required reliability. Together with PDSCH repetition, as discussed in our companion contribution [4], different PDCCH repetition schemes are possible, either implementation-based or an approach that requires minimum specification change. So this should not be the critical point to decide whether to introduce compact DCI or not.
2.3 Compact DCI: Impact on NR System 
As discussed in our previous contribution [5], in our opinion, the potential impact on the overall system design especially flexibility aspect should be considered before making decision of specifying compact DCI in RAN1. Depending on which information field(s) will be modified in compact DCI format comparing to regular DCI format, various adverse impacts can be expected. For example, quite many companies supported to reduce the size of the resource allocation fields in either time domain or frequency domain or even both. Clearly it would limit the scheduling flexibility, which may result in reduced spectral efficiency. Similar impacts can be observed from other impacted fields as well for example MCS, HARQ ID, RV etc. 
One more aspect to consider is the impact on the number of DCI format sizes (which is already a difficult issue to address currently) and the number of blind decoding attempts when a UE is also expected to monitor other DCI formats (e.g. when a UE supports both eMBB and URLLC). A new compact DCI format will increase the UE complexity, and/or introduce additional constraints on the monitored DCI formats, and/or affect the blind decoding budget for different formats.
Considering only up to ~0.4dB gain for AL16 with compact DCI and the possibly severe impact, in our view, it may not worth the effort to specify compact DCI at least in Rel-15 time frame.
Proposal 1: Do not specify compact DCI in NR Rel-15, considering both the limited benefit and the resulted impact from compact DCI.

Conclusions
[bookmark: _Hlk500355486]In this contribution, after investigating the performance gains from compact DCI based on the latest agreement in RAN1, we discussed the potential impact on overall NR system. Based on the discussion in Section 2, we have the following observation and proposal:
Observation 1: With the agreed RAN1 link level simulation assumptions, 0.4~0.8 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 8 at BLER=10-4.
Observation 2: With the agreed RAN1 link level simulation assumptions, 0.3~0.4 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 16 at BLER=10-4.
Proposal 1: Do not specify compact DCI in NR Rel-15, considering both the limited benefit and the resulted impact from compact DCI.



Appendix:
Simulation parameters:
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits, 30bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz, 700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	Compact DCI study: 8, 16

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns)

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz

	Residual target BLER 
	10^-5

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	Compact DCI study: 5th percentile DL geometry
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